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(57) Abstract: A 3-(Z)-propenyl cephem compound 
is selectively prepared by reacting a phosphoranylidene 
cephemcompound with acetaldehyde in the presence 
of a base in a solvent mixture comprising diethyl ether, 
formula (E), wherein R is a carboxyl protecting group; R^ 
is hydrogen or R^CH2CO-; and R^ is ethyl, 2-thiophcnyl, 
phenyl, p-hydroxyphenyl or phenoxy. 
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PROCESS FOR THE SELECTIVE PREPARATION OF 3-(Z) 
PROPENYL-CEPHEM COMPOUND 

Field of the Invention 

5 

The present invention relates to a process for selectively preparing 3- 
(Z)-propenyl cephem, an intermediate for use in the preparation of ce^prozil. 



10 Background of the Invention 

Cefjprozil, an oral cephalosporin antibiotic, is a mixture of 
antibiotic BMY-28100 of formula I (the Z- or cis-isomef) and antibiotic BMY- 
28167 of formula II (the E- or trans-isomcr), the mixture having a Z- to E- 
15 isomer ratio in the range of 89:11 to 94:6. The preparation of cefprozil is 
usually carried out using a 3-(Z)-propenyl cephem of formula III. 




25 
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(in) 



wherein R is a carboxyl protecting group; is hydrogen or R^CH2CO-; and R^ 
is ethyl, 2-thiophenyl, phenyl, p-hydroxy or phenoxy. 

5 

The propenyl group at position C3 of the cephem compound is usually 
introduced by the so-called Wittig reaction which produces both Z- and E- 
isomers of the propenyl double bond. As cefprozil has a Z-isomer content in 
the range of 89 to 94%, there have been reported many methods for adjusting 
10 the Z- to ^-isomer ratio, e.g., in the Wittig reaction product. 

For example, US Patent No. 4,699,979 discloses a method of raising the 
Z- to E-isomer ratio to about 9:1 by conducting a Wittig reaction in the 
presence of about 10 equivalents of LiBr based on the phosphoranylidene 
15 cephem compound with benzylidene amino protection group. However, this 
method is not applicable to other compounds having an amino protective group 
other than benzylidene. 

US Patent No. 4,727,070 teaches a method of converting a cefprozil 
20 composition containing 85% Z-isomer and 15% jB-isomer into an 
imidazolidinone sodium derivative, removing £'-imidazolidinone sodium by a 
different solubility, and then treating with IN HCl, to obtain cefprozil 
containing 98.5% Z-isomer and 1.5% E-isomer. Although the product purity 
is good, this two-step purification method gives a low yield of about 78%. 

25 

International Patent Application No. PCT/EP 92/02965 also discloses a 
method of lowering the E-isomer content by exploiting solubility differences of 
various salts of the and Z-isomers of deprotected cephem. This method 
also has disadvantages of a low efficiency and low yield. 

30 
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Summary of the Invention 

It is, therefore, an object of the present invention to provide an 
improved method for preparing a 3-(Z)-propenyl cephem derivative with a high 
5 selectivity and jdeld. 

In accordance with the present invention, there is provided a process for 
selectively preparing a 3-(Z)-propenyl cephem compound of formula III which 
comprises reacting a phosphoranylidene cephem compound of formula IV with 
10 acetaldehyde in the presence of a base in a solvent mixture comprising diethyl 
ether: 




15 

(TV) 

wherein R is a carboxyl protecting group; is hydrogen or R^CH2CO-; and R^ 
is ethyl, 2-thiophenyl, phenyl, p-hydroxyphenyl or phenoxy. 

20 

Detailed Description of the Invention 

A phosphoranylidene cephem compound of formula IV may be 
prepared by treating a phosphonium derivative obtained by reacting a 3- 
25 halomethyl cephem compound of formula V (A product named GCLE, wherein 
R is p-methoxybenzyl, is phenyl and X is CI , is commercially available) 
with triphenylphosphine, in tiie presence of a base such as sodium carbonate 
and sodium hydroxide: 
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R^CH2C0NH 



O 




CO2R 



(V) 



5 wherein R is a carboxyl protecting group; is ethyl, 2-thiophenyl, phenyl, p- 
hydroxyphenyl or phenoxy; and X is CI, Br or 1. 

The carboxyl protecting group in the compound of formula III may be 
any of the conventional protecting group used in phsphosporin derivatives, e.g,, 
10 t-butyl, allyl, benzyl, p-methoxybenzyl, p-nitrobenzyl, triphenyhnethyl and 
diphenylmethyl . 

The 3-(Z)-propenyl cephem compound employed in the present 
invention is prepared by reacting a phosphoranylidene cephem compound of 

15 formula IV with acetaldehyde in the presence of a base in a two-phase solvent 
system, the organic phase thereof essentially comprising a diethyl ether. 
When such a Wittig reaction is conducted using a conventional organic solvent 
such as methylene chloride and tetrahydrofiiran, it is difficult to raise the Z- 
isomer content to above 83% regardless of how the reaction conditions are 

20 varied. In contrast, it is possible to obtain a product having a Z-isomer content 
of more than 90% when the Wittig reaction is carried out in a solvent system 
comprising diethyl ether in accordance with the present invention. 



25 cephem compound of formula IV, the organic solvent phase employed in the 
present invention further comprises a second organic solvent which may be 
acetonitrile, tetrahydrofuran, 1,4-dioxane, ethyl acetate or methyl acetate, 
preferably tetrahydrofuran. The second organic solvent is preferably used in 
an amount of 1/3 to 2 based on the volume of diethyl ether. The total volume 

30 of the organic solvent mixture employed in the present invention is in the range 
from 5 to 30, preferably 10 to 20nil per gram of the phosphoranylidene cephem 
compovmd of formula IV used. 



Since diethyl ether does not readily dissolve a phosphoranylidene 
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The amount of acetaldehyde used in the present invention is 10 to 50 
equivalents, preferably 15 to 30 equivalents based on the amount of the 
phosphoranylidene cephem compound. 

When a Wittig reaction is performed in the absence of an added base, 
the yield is low such as ftom 40 to 60%. However, the addition of a base 
enhances the yield to about 90% without reducing the Z-isomer selectivity. 
The base used in the present invention is an organic base such as triethylamine, 
N-methyhnorpholine, pyrrolidine, piperidine, benzylamine, diethylamine, 
diisopropylethylamine, dimethylefhylamine, dimethylbenzylamine, 

triethanolamine, tetramethylethylenediamine and dimethylethylidenediamine 
and an inorganic base such as sodium carbonate, sodium hydroxide, lithium 
hydroxide, and potassium hydroxide. Triethylamine and sodium hydroxide 
are preferred. 

The amount of the base employed in the present invention is preferably 
0.1 to 1.0 equivalent, more preferably 0.2 to 0.4 equivalent based on the amount 
of phosphoranyhdene cephem compound of formula IV in case an organic base 
or sodium carbonate is employed, while 0.01 to 0.1 equivalent, preferably 0.02 
to 0.05 equivalent, in case sodium hydroxide, lithium hydroxide or potassium 
hydroxide is used. 

The Wittig reaction in accordance with the present invention may be 
performed at a temperature ranging from 5 to 40 °C, preferably from 10 to 30 1C, 
for a period sufficient to complete the reaction, e.g., about 8 to 20 hours. 

The method of the present invention is very simple, and gives a high 
yield (80% or higher) of 90 to 94% pure 3-(Z)-propenyl cephem compound. 

The following Examples are intended to further illustrate the present 
invention only, and are not intended to limit the scope of the invention. 

Preparation Example: Preparation of p-methoxvbenzvl 8-oxo--7- 
phenvlacetamino-3 [(triphenvl- 1 5-phosphoranvlideneVmethvl-5-thia- 1-aza- 
bicvclor4.2.01oct-2"en-2"Carboxvlate (phosphoranvlidene as a starting material) 

lOOg (0.205mol) of p-methoxybenzyl 3-chloromethyl-7- 
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phenylacetamido-3-cephein-4-carboxylate (3-chloromethyl cephem compound: 
GCLE), 32.3g (0.216mol) of sodium iodide and 59.1g (0.226mmol) of 
txiphenylphospine were mixed with lOOml of methylene chloride, 200ml of 
hydrofuran and 50ml of water were added thereto and stirred at 30 to 35 °C for 
5 1 hour. Then, the reaction mixture was cooled to room temperature, 500ml of 
10% sodium thiosulfate was added thereto, and stirred for 30 minutes. The 
aqueous layer was removed, and a NaOH solution (9g of sodium hydroxide in 
500ml of water) was added to the organic layer. The mixture was 
vigorously stirred at room temperature for 1 hour, the aqueous layer was 

10 removed, 500ml of 10% aqueous sodium thiosulfate was added to the organic 
layer, and stirred for 30 minutes. After removing the aqueous layer, the 
organic layer was dried over anhydrous magnesium sulfate and the solvent was 
distilled off to obtain a brown residual syrup. 500ml of acetone was added to 
the residue, stirred for 30 minutes, and cooled to about 0*C . The solid formed 

15 was filtered, washed with acetone, and then dried in a vacuum to obtain 124g of 
the title compound as a yellow solid (Yield: 85%). 

H-NMR(5, CDCI3): 2.44, 2.66(2h, ABq, C-2), 3.59(2H, s, PhCHb), 3.85(3H, s, 
-OCH3), 5.06^5.24(3H, m, CO o-CH^ . C-6), 5.52(1H, d, C-7), 6.83(1H, d, 
20 benzene-H), 7.12^7.65(23H, m, -CH=CPPh3, benzene-H) 

Example 1: Preparation of p-methoxvbenzyl 7-phenvlacetamido-3-rpropen"l" 
vll-3-cephem-4-carboxvlate (Z-rich propenvl cephem) 

25 200g of sodium chloride, IL of water, IL of diethyl ether, 500ml of 

tetrahydrofuran and 28nil of O.IN sodium hydroxide were mixed and cooled to 
lOlC. lOOg of the phosphoranyhdene compound prepared in the Preparation 
Example was added thereto, followed by adding 140ml of acetaldehyde 
dropwise thereto. The reaction mixture was stirred for 20 hours while 

30 maintaining the temperature at 10 to 15 °C . 10ml of concentrated hydrochloric 
acid was added to the reaction mixture and stirred for 10 minutes. Then, the 
organic layer was separated, dried over anhydrous magnesium sulfate, filtered 
and distilled to remove the solvent. 150ml of isopropanol was added to the 
residue formed, refluxed, cooled to about 0°C. The precipitated solid was 

35 filtered, washed with isopropanol, and then dried in a vacuum to give 57, 8g of 
the title compound as a light yellow solid. (Yield: 86% and Content of Z- 
isomer: 91.5%, Z-isomer : ^-isomer = 10.8 : 1.0) 
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H-NMR(6, DMSO-d6) : 1.52(3Hxl0.8/11.8, d, (Z)-CH3), 1.73(3Hxl.0/11.8, d, 
(£0-CH3), 3.36'-3.68(4H, m, PhCEb. C-2), 3.75(3H, s, -OCH3), 5.06'-5.24(3H, 
m, C-6), 5.52-5.69(2H, -CH=CH(CHO. C-7), 6.06(1H, d, - 

5 CH=aj(CH3)), 6.91(2H, d, benzene-H), 7.19'-7.62(7H, m, benzene-H) 

Comparative Example: Preparation of p-methoxvbenzvl 7-phenvlacetaimdo-3- 
rpropen-l-vl1-3-cephem-4-carboxvlate (Preparation of Z-propenvl cephem 
without using ether) 

10 

The procedure of Example 1 was repeated except for using 1500ml of 
tetrahydrofuran in place of 1 L of diethyl ether and 500ml of tetrahydrofuran, to 
obtain the title compound. (Yield: 54% and Content of Z-isomer: 82.1%, Z- 
isomer : E -isomer = 4.6 : 1.0). 

15 

H-NMR(5, DMSO-dg) : 1.53(3Hx4.6/5.6, d, (Z)-CH3), 1.75(3Hxl.0/5.6, d, (£)- 
CH3), 3.34^3.67(4H, m, PhCH2, C~2), 3.73(3H, s, -OCH3), 5.04~5.21(3H, m, 
COo -CHo . C-6), 5.51^5.67(2H, d, -CH=CH(CH3), C-7), 6.04(1H, d, - 
CH=CH(CH3)), 6.87(2H, d, benzene-H), 7.20-^7. 63(7H, m, benzene-H) 

20 

Example 2: Preparation of p-methoxvbenzyl 7-amino-3-rpropen-l-vn-3- 

cephem-4-carbQxvlate • HCl 

32.6g (0.157mol) of phosphorous pentachloride was suspended in 
25 250nil of methylene chloride, cooled to -20 "C, 11.7ml (0.146mol) of pyridine 
was added dropwise thereto while maintaining the temperature at below -10*C, 
and stirred for 30 minutes. 50g (0.104mol) of the Z-rich propenyl cephem 
compound prepared in Example 1 was added thereto, followed by stirring at 0 
to -5T;! for 2 hours. The reaction mixture was cooled to -20 1C, 68ml of 1,3- 
30 butanediol was added dropwise thereto, and stirred at room temperature for 1.5 
hours. The reaction mixture was washed with 250ml of water, and the organic 
layer was separated, dried over anhydrous magnesium sulfate, filtered and 
distilled to remove the solvent. 250ml of ethyl acetate was added to the dark 
red oily residue obtained, stirred for 1 hour and then 250ml of diethyl ether was 
35 added dropwise thereto to stir for 30 minutes. Then the precipitated solid was 
filtered, washed with etlier and dried in a vacuum to obtain 36. 3 g of the title 
compound as light yellow solid (Yield: 88% and Content of Z-isomer: 91.9%, 
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Z-isomer: E'-isomer = 11.3 : 1.0). 

H-NMR(6, DMSO-d6) : 1.53(3Hxl 1.3/12.3, d, (Z)-CH3), 1.82(3Hxl.0/12.3, d, 
(£)-CH3), 3.65(2H, q, C-2), 3.73(3H, s, -OCH3), 5.06~5.27(3H, m, CO9 -CH7, 
5 M), 5.64'-5.75(lH, m, -CH=CH(CHO, C-7), 6.18(1H, d, - CH=CH (CHO), 
6.94(2H, d, benzene-H), 7.32(2H, d, benzene-H) 

While the invention has been described with respect to the above 
specific embodiments, it should be recognized that various modifications and 
10 changes may be made to the invention by those skilled in the art which also fall 
within the scope of the invention as defined by the appended claims. 
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What is claimed is: 

1. A process for selectively preparing a 3-(2)-propenyl cephem compound 
of fomrnla III which comprises reacting a phosphor anylidene cephem 
5 compound of formula IV with acetaldehyde in the presence of a base in a 
solvent mixture comprising diethyl ether: 




(m) 



(IV) 

wherein R is a carboxyl protecting group; is hydrogen or R^CHsCO-; and R^ 
is ethyl, 2-thiophenyl, phenyl, p-hydroxyphenyl or phenoxy. 

15 

2. The process of claim 1, wherein the solvent mixture further 
comprises an organic solvent selected from the group consisting of acetonitirile, 
tetrahydrofiiran, 1,4-dioxane, ethyl acetate and methyl acetate. 

20 3. The process of claim 2, wherein the organic solvent is 

tetrahydrofuran. 

4. The process of anyone of claims 1 to 3, wherein the amount of the 
diethyl etiier is in the range of 3 to 1/2 based on the volume of the organic 

25 solvent. 

5. The process of anyone of claims 1 to 3, wherein the total volume of 
the solvent mixture is in the range of 5 to 30 ml per gram of the 
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phosphor anylidene cephem compound of formula IV 

6. The process of claim 5, wherein the total volume of the solvent 
mixture is in the range of 10 to 20 ml per gram of the phosphoranylidene 

5 cephem compoxmd of formula IV. 

7. The process of claim 1, wherein the base is an organic base selected 
from the group consisting of triethylamine, N-methylmorpholiae, pyrrolidine, 
piperidine, benzylamine, diethylamine, diisopropylethylamine, 

10 dimethylethylamine, dimethylbenzylamine, triethanolamine, 

tetramethylethylenediamine, and dimethylethylidenediamine, or an inorganic 
base selected from the group consisting of sodium carbonate, sodium hydroxide, 
lithiimi hydroxide and potassium hydroxide. 

15 8. The process of claim 7, wherein the base is triethylamine or sodium 

hydroxide. 

9 The process of claim 7, wherein the base is an organic base or 
sodium carbonate, and is employed in an amount ranging from 0.1 to 1.0 
20 equivalent based on the amount of the phosphoranylidene cephem compound of 
formula IV 

10. The process of claim 7, wherein the base is sodixxm hydroxide, 
lithium hydroxide or potassium hydroxide, and is employed in an amount 

25 ranging from 0.01 to 0.1 equivalent based on the amoimt of the 
phosphoranylidene cephem compound of formula IV 

11. The process of claim 1, wherein the selectivity to the 3-(Z)- 
propenyl cephem compound produced is 90% or higher. 

30 
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